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RESEARCH MEMORANDUM

INVESTIGATION AT LARGE SCALE OF THE FRESSURE DISTRIBUTION
ANDELOWPEEWOMEWAOVERAWE(.}WITHTEELEADDQGEJGE
SWEPT BACK 47.5° HAVING CIRCULAR-ARC ATRFOTIL SECTIONS

AND EQUIFPED WITH IROOFED-NOSE AND FLATR FLAFS

By Roy H. Lange, Edward ¥. Whittle, Jr., and Marvin P. Fink
SUMMARY

An Iinvestligatlon of the pressure distributlion over a wing with the
leading—edge swept back 47.5°% and having symmetrical circular-arc
alrfoll sections has been conducted in the Langley full-scale tunnel at

& Reynolds number.of 4,3 X lO6 and & Mach number of 0.07. The
investigation Included measurements of the surface static pressures
along the chord for six spenwise statlons, for. a large engle—~of-attack
range, and for. several angles of yaw. The configurations tested included
the basic wing, the wing with & full-span drooped-ncse flap, an Inboard
semispan plain flep, and a combination of these two flap configurations.

The resulte show that a seperation vortex was formed along the
leading edge of the baslc wing at a low angle of attack as a result of
flow separation from the sharp leading edge. With increasing angle of
attack, the dlemeter of the separation vortex increased over the
out'board. spenwise stations. At an angle of attack of about 119, the
vortex core turned back along the chord and a tralling vortex was shed
off the wing at about 7O percent of the semispen. The values of
maximum section 1ift coefficient for the basic wing were considerebly
higher than the two—dimensionsl values for all spenwlse stations inboard
of the statlion where the vortex core left the wing. The spen load
distributlon of the basic wing did not agree wlth that predicted by the
method based on potential flow. The effect of yaw on the basic wing
was to Increase the tip stalling of the advencing wing and also to
increase the 1ift of the inboard sectlons of the advancing wing., The
effect of the separation vortex was evident over & conglderably larger
spenwise extent of the retreating wing than for the advancing wing.

The effect of the separatlion vortex on the span load distribution of
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the wing with the Iinboard semispan plain flap deflected 1s essentially
the sems as that for the baslc wing exceyt that the span load coef- '
ficlents are higher for the inboard stations and lower for the outboard
statlions. The angle of attack at which the separstion vortex forms
increases with Increasing drooped—-nose flap deflection, and the
maximim section 1ift coefficlenmts of the outboard stations almo
increase. With the drooped-nose flap deflected h0° the spen load
distribution approaches the additional load distributiqn predicted by
the method based on potential flow. The spen load distribution of the
combined deflections of the flaps shows a gsimilarity to the combination
of the separate effects of each flap.

INTRODUCTION

Lowv—apeed investigations at both emall and large scale of highly
sweptback wingd designed for high-apeed flight have revealed complex
flow phenomens because of the relatively large regions of geperated
flow. The boundary-layer action and the stall progressions of some of
these wings have been reported in references 1 to l; however, there are
relatively few experimental pressure distributions over highly sweptback
wings (other than that of reference 5 for triangular wings). Data of
this type are necessary for an understanding of the problems essoclated
wilth flow separation and for correlation with avallable theory. Since
there 1s increasing interest in highly sweptback winge with thin airfoil
pections, an investigation hags been conducted in the Langley full-scale
tunnel to determline the pressure distribution over a wing with the
leading edge swept back 47.5° and having lO—percent—thick symmetrical
circular-erc airfoil sections. The longitudinal and lateral charac—
teristics of the wing, as determined from force tests, are given in
references 1 and 2.

The lnvestigetlion included measurements at a Reynolds number

of 4.3 x 106 and a Mach number of 0.07 of the surface stailc pressures
along the chord for statlions located at 5, 10, 2Q, 40, 60, and

80 percent of the wing semlspan for a large angle—of-attack range and
for several angles of yaw. The configuratlons tested include the

basic wing, the wing with a full-span drooped—nose flap, an inboard
semigpan plain flap, and a combination of these two flap configurations.
In addition to the pressure measurements, the stalling characteristics
of the wing were determined by means of tuft observations.

B
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COEFFICIENTS AND SYMBOLS

1L
1ift coefficient |[LILLL or c, S ¢(gx)
: gsS 0 Cav b
1
section 1ift coefficient | cos a BRd(go
pressure coefficlent CE—EFE%>

resultant pregsure coefficlent

span loading coefficient

free—atream dynamic pressure

_ local static pressure

free—stream static pressure

local chord

everage chord (%)

wing span

spanwise coordinate perpendicular to plane of symmetry
chordwise coordinate parallel to plane of symmstry
wing area

anglte of attack, degrees

angle of yaw, degrees
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c! chord, perpendicular to line of maximm thickness
Sn drooped—nose—Llap deflection perpendicular to hinge line,
degrees
MODEL

The geometric characteristics of the wing are glven In figure 1.
wing has an angle of sweepback of 45° at the quarter—chord line
or 47.5° sweep at the leading edge, an aspect ratlio of 3.5, a taper
retlio of 0.5, and has no geometric dihedral or twigt, The wing has
10—percent-thick, symmetrical circular-arc airfoil sectlons
perpendicular to the line of maximm thickness. A more detalled
description of the wing is glven in references 1 and 2,

The wing was equlpped with flush, surface static—pressure orifices
arranged in chordwlse rows located &t 5, 10, 20, 40, 60, and 80 percent
of the right—wingz semispan s&s shown in figure 2. The chordwlise
locations of the orifices, which are the game for all s;anwise stations,
are also glven in figure 2,

The wing is equipped wilth a full-span drooped-nose flap and an
inboard semlispan plain flap which are 20 percent of the chord measured
rerpendicular to the liné of maximum thickness. These flaps are pivoted
on piano hinges mounted flush wlth the lower wing surface and, when
deflected, produce a gap on the upper wing surface which 1s covered and
faired wlth a sheetmetal seal.

METHODS AND TESTS

The surface static pressures were measured on a multiple—tube
manometer and photograprhically recorded. ZXach configuratlion was
tested through a large angle—of-attack range at a yaw angle of 0°, and
the basic wing was also tested at yaw angles of *6.0° and +9.8°, The
configurations tested lnclude the basic wing, the wing with semispan
inboard plain flaps deflectéd 40°C, with full—span drooped—nose flayps .
deflected 10°, 20°, 30°, and 40°, and with semispan inboard plain flaps
and full-epan drooped—nose flaps deflected 4O®. All tests were made at

a Reynolds number of about 4.3 X 106 and a Mach mmber of gbout 0.07
inssmuch as the results of reference 1l showed no appreciable scale
effect on the aesrodynamic characteristilcs.
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In addition to the pressure-distribution messurements, tuft
sbudies were made of each of the above configurations, and force tests
were also made of the basic wing configuration at o° yaw, The force
measurements and tuft studles of the basic wing were ldentical with
the results of reference 1 indicating that no apprecleble change in
wlng contour resulted from the installation of the statlc—preassure
orifices. ’

REDUCTION OF DATA

The measured statlc pressures were reduced to coefficlent form and
plotted agalnat their respective chordwlse locations. Calculatlons
showed that the effects of forces parallel to the chord produced
negligible changes in the values of section and wlhg 1ift coefficlents
and, therefore, these effects &are not included. ¥rom these chordwlse
pregsure distributions, the values of section and wing lift coef—
ficlents and span loeding coefflclents were determined by a considerable
amount of mechanical integration and by the usual calculation procedures.

RESULTS AND DISCUSSION

Pregentation of Results

The presentation of the test results and the analyslis of the data
have been grouped into two main sections. The first section deals with
the chordwlse and spenwise aerodynamic load cheracteristics of the basic
wing both for the zero yaw conditions (figs. 3 to 8) and for angles of
yaw of £6,0° and 1+9.8° (figs. 9 to 18). The second section presents
results of teste of the wing with the inboard semispan plain flaps
deflected (figs. 19 to 23), the full-span drooped-nose flaps deflected
(figs. 24 to 29 and tables I to III), and with a combination of these
two flapped configurations (figs. 30 to 34). Tuft studles are
rresented wherever possible to ald in the analysis of the flow over the
wing. . .

The results have been corrected for the stream alinement, the
blockling effects, the tares caused by the wing supports, and the jet—
boundary effecte which were calculated on the basis of an unswept
wingl
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Baglc-Wing Characteristics

Chordwise pressure distributions and elr—flow studies.— The

chordwise pressure distributlons of the six spanwlee statlons of the
bagic—wing configuration (fig. 3) show that at the lowest angle of
attack (o = 1.1°) the pressure distribution is similar to that
measured at an angle of attack of O. 5 for a symmetrical clrcular—arc
alrfoil section in two-dimensional flow (reference 6) for all span—

wige statlons except O. 60— With a small increase in angle of attack,

flow separation occurs as a result of the effects of the sharp leading
edge. This leading-edge separatlion was noted in the two—dimensional
tests (reference 6) and was described as a bubble of separation
localized at the leading edge followed by smooth flow over the remalning
airfoil chord. The data of figure 3 indicate that this local separation
first occurs at the 80—percent spanwise station at a = 2. 9° as shown
by the broadening of the pressure peak at the leadinz edge. The sgtall
diagrams of figure 7 show a spasnwise flow of the boundary—layer air

at the leading edge toward the ti1p at an angle of attack of 2.9° and
rough flow in the outer 50 percent of the semlspen at sn angle of

attack of 4.8°., For angles of attack greater than sbout 4° (fig. 3),
the leading-edge peak negatlve pressures are well developed over the
inboard sgemlspan, and progresslively lLower and broader negetive presgure
pesks are developed with increasing spenwise distance from the plene of
symuetry. These dlstributlons show a much larger chordwlse extent of
the region of Increased negetlve pressures near the leading edge In the
outboard semispan as compared with the inboard semispen. The leading—
edge peak negative pressure of the S—percent station lncreases rapldly
with further increase in angle of attack up to an angle of attack of 18°
and 1s considerably higher than the two-dimensionsl values of peak
negetive pressure obtalned in reference 6. As shown by the flat pressure
distributlions on the upper surface, the flow 1s completely separated
from the wing for angles of attack greater than about 10.2° and 16°,
respectively, for the 80— and 60—percent spanwise stations (fig. 3)

An inapection of the stall dlagrams of figure 7 merely shows a gradual
increase in the stalled area from tip to root with increasing angle of .
gttack and, therefore, glves no further Information regarding the

nature of the flow over the wing beyond that indicated by the pressure
dletributions,.

In order to study 1n more detall the character of the flow that
produced such an unhusual pregsure distribution over the forward part of
1

the wing, en alr—low Investigation was made in the I;-—scale model of

the ILangley full-scale tunnel on a scale model of the wing with flat—
plate airfoll sectlons and sharp leading edges. Although such a study
involved rather low Reynolds murbers, the results of thie method of

flow obgervatlon on a model of the DM-l glider with sharp leading—edge

L)
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extensions proved very useful in the snalysis of the flow over the full-
scale DM-1 glider (reference 7). In addition to these tests, there 1s
excellent agreement between small-scale—model tests of triangular wings
with biconvex sirfoll sections In the ILangley full-scale tunnel
(unpublished) and large-scale tests on a triangular wing with modified
double—wedge airfoil sections (reference 5). The Porce measurements of
reference 1 show no scale effects; and, therefore, it is felt that the
flow observatlons of the small-wcale model truly represent the Ltype of
Plow that exlsts over the large wing.

The flow above and on the model sweptback-wling surface was
investigated by mesans of a tuft attached to a search probe. The alr-
flow studles showed flow separatlion from the leading edge at a low angle
of attack, as .expected from the pressure distributions. The reattachment
of the flow occurred immediately behind the leading edge, forming a ’
local region of separation which, because of the reversed flow in the
gseparated reglon, formed a separetion vortex along the leading edge wlth
the flow at the upper extremity in s rearward dlrectlon and with the
flow near the wing surfesce in a forward direction. Within this
sepaerated regilon at the leadlng edge an ocubtward spanwise flow of the
boundary—layer alr was observed which agrees with the reasoning of
reference 8, With a small increase 1n angle of attack, the separation
vortex along the leadling edge was epproximestely cone shaped and the tip
of the cone appeared to be at the wing apex. The vortex reglon
Increased in elze from root to tlp, and over the outboard sections the
gearch tuft clearly showed the larger chordwlse extent of the influencs
of the vortex and 1ts dlsturbed flow as compared with the inboard
sections, This effect increased with lincreasing angle of attack such
thet et an angle of attack of sbout 11° the vortex core turned back
along the chord and was shed off the wlng at about 70 percent of the
wing semispen. Outboard of thle polnt, the flow was completely separated
from the wing upper surface. The triangular—wing tests (reference 5)
ghow chordwlse pressure distributlons which are similar in shape and in
spanvlee varlation to those shown In figure 3, and In both the smsll-—
and large—scale tests the air—flow studies clearly revealed the
exlstence of a separation vortex over the upper wing surfacs. These
flow studies at both small and large scale also show a displacement of
the vortex core toward the plane of symmetry with increasing angle of
attack.

Bection 1ift coefficlents.— The variations of section 1lift coef—
filcient with angle of attack glven in figure 4 show values of maximum
section 1ift coefficlents considerably higher than the two—dimensional
value of about 0.7 (reference 9) for all stations except the S0O—percent
spanwise statlion. For the angle-of—attack range investigated, the
highest value of cy of 1.08 was obtailned at the LO—psicent speanwise

max

station, and, as would be expected, the result of complete flow
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geparatlion was to produce the lowest value of cy of ebout 0.51 at
max

the 80—percent spanwlipe station. The effect of the vortex on the
section loading of the outboard stations 1im evident from a compariscn of
the chordwlise pressure dlstributlons of fligure 3 and the section 1lift
curveg of figure 4, It is seen that flow separation at the leading edge
does not result 1in a loss In section 1ift at the low and moderate angles
of attack, for any losa in lift at the leading edge is more than
compensated for by an increase in 1ift due to the low—pressure bumps in
the chordwise pressure distributions. These low-pressure himps are
induced by the Increased negatlve pregsure field of the vortex, and the
same effect 1s noted in reference 5. This effect is more pronounced for
the LO— and 60-percent spenwise stations (fig. 3). The sectlion 1lift
curves for the 5—, 10—, and 20—percent spenwise stations are llnear up
to an angle of attack of 16° and have an average slope of about 0.054 per
degree, whereas for the 40— and 60-percent stations, the section lift
coefficlent increases rapidly with angle of attack between angles of
attack of 6° gnd 10° with slopes of 0.072 and 0.095 per degree,
respectively, being measured at an angle of attack of 8°, Tae high
values of maximum section 1lift coefficient and lift—curve slope for the
40— and 60—percent stations are attributed to the increased pressure
fleld due to the action of the vortex as 1t turne back along the chord
before beling shed off the wing.

The spanwise variatlons of sectlbn 1lift coefficlent given In
flgure 5 show more clearly the hlgher values of section 1ift coef-—
ficients measured for the 60— and 4O—percent stations for the moderate
ahd high angle—of-attack ranges, respectively.

Span load distribution.— Tne spen load distributions given in
‘figure 6 show no definite trends up to an angle of attack of 10.2°, As
the 80—~ and 60—percent spanwise stations stall at 12.1° and 14.0°,
respectlvely, the louding peak 1s located at about 40 percent of the
gspen and remains in that reglon up to an angle of attack of 18.0°, At
the highest angle of attack the loading is concemtrated at about
20 percent of the span.

The theoretical spen load distribution obtained from reference 10
is also presented in figure 6 for comparison with the experimental
values, Because of the unusual flow over the wing resuliing from the
action of the smeparation vortex previocusly descrilbed in debtall, 1t can
be seen that the measured spen load distribution 1s in poor agreement
with the loading predicted by the theoretical method based on potential
flow,

Comparigon of wilng 1ift coefficientg.— The wing 1ift coefficients
plotted agalnst angle of attack as determined from pressure—distribution
 measurements are compared in figure 8 with those obtained from force
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measurements., The data are 1in relatively good agreement with the
larger differsnces occurring 1n the moderate angle—of-attack range.

Preggure~distribution meagurements in yaw.— The chordwise pressure
distributions of the wing in yaw (figs. 9 to 12) show & difference in
the action of the separation vortex in the outboard span on the advancing
(negative yew) wing panel as compared with the retreating (positive yaw)
penel. The data Por the 80—percent spanwise station indicates the
influence of the seperation vortex on the retreating wing up to an angle
of attack of 10,0° for ¥ = 6.0° and for all angles of attack
investigated for ¥ = 9. 8°, In contrast, the influence of the vortex 1s
not clearly defined on the advancing wing for angles of attack greater
than 6.7° Por either yaw angle. For the 60-percent spanwise station the
influence of the vortex is indicated for all angles of attack at
positive ya.w angles but is not shown for anglez of attack greater than
about 10° for negative yaw angles. Since the influence of the vortex
is to delay the angle of attack for complete seperation, the flow
pPhenomens as indicated by these pressure distributions show clearly why
the tip sectlons of a sweptback wing with circular-arc airfoll sectlons
stall more severely when the gweep ls decreased. For a similsr sweptback
wing having conventional alrfoil sectlions, however, the tip stalling is
relieved when the sweep 1s decreased. The pronounced increase in the
outboard section loadings of the retreating wing panel appears to be
the result of e more intense sepa.ra.tion vortex as the leading—edge sweep
increases from 47. 5° to 57. 3 . The pressures on this panel of higher
sweep are very slmliler to those obtained on the large—scale trianguler
wing of 60° sweepback with modifled double—wedge alrfoil sections
given in reference 5. Tuft studies of the wing in yaw (reference 1)
show the same results in that the advancing wing begins to stall at a
lower angle of attack than dces the retreating wing penel, and from the
force—test data tlis type of flow breakdown ultimately results in a
negatlive dihedral effect.

The gection 1ift coefficients presented in figures 13 and 1i4 show
that, although decreasing the sweepback on the advancing wing panel
aggravates the tip stalling and results in lower values of maximum
gsectlon 1ift coefficients in the region of the tip, the inboard sectlons
show higher values of section 1ift coefficients for the advancing wing
than for the retreating wing. The variations of section 1ift coefficient
across the wing span show a gradual inboard shift of the location of ths
peak section 1ift coeffliclent at the higher angles of attack to

about O.hO-;—? for the retreating wing panel. (See figs. 15 and 16.) For
the advancing wing panel there 1s a rapid Iinboard shift of the location

of the peak sectlon 1lift coefficlent with angle of atbtack to about 0.2()72g

at ¥ =6.0° and to about 0.153 at ¥ =9.8° for the highest angles
of attack. '
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The span load distributions given in figures 17 and 18 for the
retreating wing panel ere similar in trend and in magnitude to those
obtained for the wing at 0° yaw. TFor the advancing wing penel, however,
the loading peaks are shifted more irboard and the peak values of load
coefficlent are considerably higher than those obtalned at 0° yaw, The
loa.digg is somewhat increased as the yaw angle is increased from 6.0°
to 9.

Effect of Plain-flsp Deflection

The chordwlse pressure dlstributlions for the wing with the semi-
span plain flap deflected 40° are shown in figure 19. These pressure
distributions show that the effects of the meparatlion vortex are eimilar
to the effects shown for the basic wing except that these effects appear
at an angle of attack of about 2° lower than they do on the basic wing.
It is of interest to note the favorable pressureée gradient for the 5—,
10—, and 20-percent—semispan sections immediately behind the leading-
ed.ge Tressure peaks and extend.ing aft to the pla.in fla.p a.t a.ll angles
of asttack.

The section 1ift curves for the 40— and 60-percent—aemispan sections
have greater slopes 1n the lower angle—of—attack range than those for
the 5—, 10—, 20—, ani 80-percent—semispan sections (fig. 20). Similar
effects are also shown for the corresponding baslc—wing sections (fig. k).
The slope of the 1ift curve for the 80-percent—eemispa.n section progres—
sively decreases forming a well—rounded pea.k up to stall .of the section.
This inefficlency of the tip section may be explained by the earlier
complete flow separation of the outboard spanwise sections and by the
plling up of the boundary-layer alr at the tip.

At a glven angle of attack, the 5—, 10—, 20—, and 4O-~percent—

gsemispen sections attain higher section 1ift coefficients (figs. 20

and 21) than the corresponding baslc—wing sectioms (flg. 4). For
example, at an angle of attack of 129, the average increment in section
1ift coefficlent, due to the plain fla.p, 1s about 0.37. The S5—percent—
semispan sectlon appears Lo be approaching stall, but the 10— and
20—percent—semispan sectlions seem to be capable of ettaining higher
section 1lift coefficients than were attained at the largest angle of
attack tested., The 60— and 80—percent—semlispen sectlons attain slightly
lower values of maximum section 1ift coefficients than the corresponding
basic-wing sections. The LO— and 60—percent—semispan sections stall at
an angle of attack of about 4° lower than the corresponding basic—wring
gections. The effect of the separation vortex on the span load distri-—
bution 18 essentially the same as that for the basic wing. (See fig. 22.)
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Effect of Drooped—Nose-Flap Deflection

Deflecting the drooped—nose flap 10°, 20°, 30°, and 40° progres—
sively decressee the peak negatlve Tressures at the leading edge of the
wing and, consequently, delays the formation of the separatlon vortex,
Therefore, it is considered edvisable to discuss the data with the
drooped-nose flap deflected 40° in order to iliustrate the greatest
effects on the pressure dlstribution and flow characteristlics. The data
for the wing with the drooped—-nose flap deflected 10°, 20°, and 30° are
presented in tables I, IT, and IIT.

The chordwlse pressure distribublons for the wing with the drooped—
noge flap deflected o (fig. 24) show that the negative pressure peaks
at the leading edge, which were prevalent for the basic wing, have been
eliminated for angles of attack up to 14.4°. The elimination of the
negative pressure peaks at the lower angles of attack results primarily
from the effective camber at the leading edge introduced by the deflected
flap, and the leading—edge seperation is delayed to a much higher angle
of attack because of the decrease in the adverse pressure gradients. _
The pressure dletributions of figure 2 show that the flow separation is
evident at the leading edge for the 80-percent—semispan section at an
angle of attack of 18.2°, In this high range of angles of attack, the
tuft studies of figure 28 show & spanwlse Flow of the boundary layer.
With further Increases in angle of attack, the leading-edge separation
progresses inboard to the 60—percent—semispan sectlon at an angle of
attack of 22.0° and to the 20-percent—semispan section at an angle of
attack of 25.8°. A Purther change in the pressure distribution occurs
In this high angle—of-attack range at the ocutboard sections where the
double—peak pressure distributlons at the leading edge merge into one
peak, which extends over the flap chord. The pressure dlstributions of
figure 24 show conslderably higher locading on the outboard sections for
this drooped—nose flap configuration es compared with the outbhoard
gections of the basic wing.

Before leading—edge separation appears, the slopes of the sectlon
1ift curves (fig. 25) for the wing with the drooped-nose flap
deflected 40" are generally less than the slopes of the section 1lift
curves for the baslic wing at the corresponding angles of attack. Tae
combined effects of the delay of the formatlon of the separation vortex
and the disturbed flow over the lower surface of the wlng caused by the
large drooped—nose~flap deflection contributes to the reduced 1ift
effectiveness of the sections, After the appsarsnce of the separation
vortex (fig. 2k, o = 18.2°) the slope of the section 1ift curve for the
80—percent—semispan section increases, and for angles of attack greater
than 22°, the section 1ift curves for the 40— and 60-percent—semispan
sectionsg also lncrease considerably. It appears that these lncreases
in the slopes of the section 1ift curves occur at the angles of atiack
where the double—peak pressure distrlbutions over the drooped—nose flap
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merge lnto one large pesk. However, only the sectlon 1ift curves for
the 60~ and 80-percent—semispan sections attain slopes as great as the
maximm slopes for the corresponding baslc-wing pections.

At large angles of attack, the sectlon lift coefficlents for the
inboard sections (figs. 25 and 26) are not so large as for the
corresponding basic—wing sections (figs. 4 and 5). The meximum values
of section lift coefficients for the 60— and 80-percent-semispan
sections (1.12 and 0.95, respectively) are considerably larger than for
the corresponding basic—wing sections (0.85 and 0.50, respectively) and
are obtalned at much higher angles of attack.

The alleviation of the large peak negatlve presgures at the inboard
gsections and the Increase in the section 1lift of the outboard sections
result in & more uniform spen load distribution (fig. 27) for the wing
with the drooped—nose flap deflected 40°, For most of the angles of
attack, this distribution approaches the calculated theoretical additional
span load dlstribution based on the potential—flow method of
reference 10. A gsummary of the tsbulated data of tables I, II, and III
showing the effects of droopsd-nose—flap deflectlion on the spen load
distribution at angles of attack of approximately 14.2° and 23.8° is
presented in  figure 29, The span load distribution shows that, as the
drooped-nose—flap deflection Increases to hOo, the loeding on the
inboard sections decreases, whereas the loading on the outboard sections
increases. :

Effect of Combined Deflectlons of Drooped~Nose and Plaein Flaps

The effect of combined deflections of the drooped—nose and plain
flaps on the chordwlse pressure distribution of the wing ls shown In
figure 30 to consist of a delay in the appearance of negative pressure
peaks at the leadlng edge of the wing as well as to produce an increase
in the loading at the aft end of the F—, 10, 20—, and 4O—percent—
pemispan sections. The influence of the separation vortex first appears
on the outboard portion of the wing at an angle of attack of 15.9°,
which is about a 2° lower angle of atteck than for the wing with the
drooped—nose flap deflected alone and moved inboard as the angle of
attack increased. However, the reglon of separation did not extend
beyond the 20—percent—semispan sectlion for the highest angle of attack
tested. The spanwlse flow of the boundary layer along the leading edge
?f the w%ng moved progressively inboard wlth Iincreasling angle of attack

fig. 3L4).

In general, the slopes of the sectlon 1li1ft curves up to an angle
of attack of about 14° (fig. 31) are lower then the slopes of the
section 1ift curves for the corresponding basic-wing sections, through
the same angle—of-ettack range, because of the 1lfting inefficlency
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of the drooped—nose flap at the lower angles of attack due to the dslay
of the formation of the separation vortex. For angles of attack greater
than 16°, the drooped-nose flap 1s effsective, so that at an angle of
attack of 21 the slopes of all the section lift curves are higher than
the glopes of the corresponding sectlon 1lift curves for any configu—
ration tested. The slopeg at this engle of atitack increase from about
0.09 per degree for the 5— and 80-percent—semispen sections to about
0.1} per degree for the 10—, 20—, 40—, and 60—percent—semlspan sections.
These results indicate the predominent effect on the wing 1lift charac—
teristics of the drooped-nose flap over the plain flap., The incrsases
in lift-curve slope above those for obther conflgurstions are greater for
the 5—, 10—, and 20-percent—semispan sections than for the 40—, 60—, and
80—percent—semispan sections.

Although peak values of sectlon 1ift coefflclents were not obtained
for the range of angles of attack investigated (figs. 31 and 32), the
highest sectlon 1lift coefficients that were attained (c:Z & 1.46 at

the 10—, 20—, and 4O-—percent spanwise stations) indicate that the flap
combination produced & conslderable increase in gection 1lift coef—
ficlents at the high angles of attack as compared with any previous
configuration, particulsrly for the 60— and 80—percent—semispen sectioms.

The span load distributions for the combined flap configuration
(fig. 33) show a similerity to a combination of the separate effects of
the drooped-nose flap deflected 40P and the plain Fflap deflected 40O,
The inboard sections carry more load than the drooped-ncae—flap’
configuration but less load than the plain—flap configuratlion., The
outboard sections carry less load than the drooped—mose—flap configu—
ration and more load than the plain—Flap configursations.

SUMMARY OF RESULTS

The results of an iInvestigation of the effect of drooped—mose—flap
and plain-flap deflection on the pressure disgtribution over a wing with
the leading edge sweph.back W7, 5 and having symmeiricel circular-arc
alrfoll sectlons showed the following:

1. A separation vortex was formed along the leading edge of the
basic wing at a low angle of attack as a result of flow seperstion from
the sharp leading edge. With increasing angle of attack the diameter of
the separatlion vortex incressed over the ocutboard spenwlse stations
until, at an angle of attack of about 11°, the core turned back along the
chord and a trailing vortex was shed off the wing at sbout TO percent of
the semispen. This type of flow was most pronounced on the basic wing
and appreclably influenced the pressure distributions.
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2. In general, the chordwlse pressure dlstributions of the basic
wing showed high, narrow, peak-negative-pressure coefficlents at the
nose for the most inboard station (5—percent—semispan) and in the .
spanwlige directlon these peaks progressively became lower and broader.
The 80-—percent—semispan section was stalled for angles of attack greater _
than 10,2°, whereas the 60—percent section was stalled for angles of
attack greater then 16°, .

3. The maximum values of gectlion lift coefficlent attalned for the
basic wing were considerably higher than the two—dlmensionsl values for
all spanwlse stations inboard of the statlon where the vortex core left
the wing. The highest value of maximum section 1ift coefficient of 1.08
was measured at the 4O-percent spanwlse station, whereas the lowest value
of 0.51 was measured at the 80-percent station.

4, The gpan load distribution of the basic wing did not agree with
that predicted by the methods based on potential flow.

5. The effect of yaw on the baslic wing was to Increase the tip .
stalling of the advancing wing and also to Increase the 1lift of the
inboard sectlons of the advancing wing, These trends increased with
increasing yaw, and for the highest yaw angle of 9.8° the effects of the )
separation vortex were evident on the retreating wing out to 80 percent -
of the semigpan for the entlire angle—of-attack range.

6. The effect of deflecting an inboard semispan plain flap 40° is )
to cause the formatlon of the separation vortex at a 2 earlier angle of o
sttack than for the baslc wing and to Ilncrease the loading over the
inboard sections. The effect of the seperstlion vortex on the span load
distributlion is essentlially the same as that for the baslc wing.

7. Deflecting the drooped-nose flap 10°, 20°, 30°, and 40°
progregalvely Ilncreases the angle of attack at which the separation
vortex forma and alao increases the maximim sectlion 11ft coefficients
for the outboard stations. With the drooped—nose flap deflected h0°
the gpan load distribution approaches the additional load distribufion'
predicted by the method based on potential flow. o

8. The combined deflections of the drooped—nose end plain flaps
give the highest values of section lift—curve slope (0.1lLl per degree)
and section 1lift coefficients (1.46 between 10 and 20 percent of the
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semispen) attained in the tests at high angles of attack. The resulting

span load distribution shows a simllarity to the combination of the
geparate effects of each flap,

Langley Aeronautical Laboratory

National Advisory Committee for Aeronfutice N
Iangley Air Force Base, Va.
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TABLE IT.—

NACA RM L9G15

SECTION LIFT COQEFFICTERTS FUR THE WING

WITH DROOPED-NOSE FLAPS DEFLECTED

&, = 10°
a 2y /v
(deg) 0.05 0.10 0.20 0.4%0 0.60 0.80
4.9 0.201 0.212 0.230 0.231 0.234 0.205
8.6 .367°% .386 .390 .bo5 .388 <373
12.3 .53 «593 604 .636 668 o5
14,2 .637 .685 <706 .812 .895 .631
19.9 .830 .856 .951 1.173 816 STT
23,8 .995 1.165 1.2L46 1.100 752 <537
8, = 20°
o 2y /b
(deg) 0.05 0.10 0.20 0.40 0.60 0.80
.9 0.18 | 0.205 | 0.203 | 0.199 | 0.186 | 0.185"
10.5 405 420 116 431 Ll 439
14,2 529 <559 655 .636 L6 .626
16.2 .623 .651 681 .718 .Th8 621
19.9 8o .858 .860 1.040 .981 529
23.8 1.008 -.94g 1.030 1.156 .82k 578
8, = 30°
@ 23/
(deg) | 4. 05 0.10 0.20 0.40 0.60 0.80
12.5 0.kh2 0.445 0.455 0.491 0.499 0.463
18.2 629 L67h .635 .669 <137 758
20.0 .689 <706 778 JI72 .87 917
21.8 .66 <773 857 932 <955 971
23.8 834 879 .956 1.089 1.097 . TH6
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TABLE III.— LIFT COEFFICIENTS AND SPAN LOAD COEFFICIINTS

FOR THE WING WITH DROOPED-NOSE FLAPS DEFLYCTLED

27

&, = 10°
a c Cilav
(deg) L
%§,= 0.05{ 0.10 | 0.20 | o.x0 | 0.60 | 0.80
k.q 0.21h4 1.219 1.2581 1.202 | 1.148 | 1.035 | 0.765
8.6 371 1.281 | 1.316| 1.262 | 1.159 .989 .802
12.3 .580 1.195 | 1.295| 1.2k9 | 1.165| 1.088 .809
14,2 .699 1.173 1.230} 1.202 | l.22hk | 1.201 . 715
19.9 85 1.273 1.281 ] 1.348 1 1.h7h .913 545
23.8 .900 1.hk32 1.637| 1.659 | 1.297 . 789 L6
By = 20°
czc
C-.c
o c I1av
(deg) L _
%} =0.05| 0.10 | o0.20 | o.k0 | 0.60 | 0.8
k.9 0.182 1,290 l.hok!l 1,335 | 1.160{ 0.961 | 0.808
10.5 RN L] 1.273 1.28¢| 1.211 | 1.112| 1.019 .850
1.2 .598 1.1h7 1.181 ] 1.313{ 1.130{ 1.012 .835
16.2 L6LT 1.257 1.273| 1.261 4} 1.179| 1.093 . 766
19.9 813 1.342 1.335}¢ 1.312 | 1.359} 1.1h41 .519
23,8 876 1.493 1.369f 1.408 | 1.401 .889 .526
Bp = 30°
Gzc
a Cc Cicav
(deg) L
%} = 0.05| 0.10 0.20 0.40 0.60 0.80
12.5 0.455 1.258 1,239 1.200 | 1.147 | 1.038 | 0.812
18.2 662 1.231 1.288¢ 1.151 | 1.073 | 1.053 .91l
20.0 .T90 1,131 1,132} 1,181} 1,160 1.013 .927
21.8 .862 1.152 1.13%} 1.191 | 1.149 | 1.046 .899
23.8 .903 1.197 1.232| 1.269 | 1.281{ 1.148 .659
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| Pressure orifice
locatlions, percent chord

Upper Lower
surface surface
2.5 5.0
Te5 15.0
15,0 3040
1845 4245
225 52¢5
N 3245 7500
I 425 85,0
52¢5 95.0
| 62,5
75.0
85.0
9Re5
97. 5

b
e
06 05 2
b
0,10 0

Figure 2.— Spanwise and chordwlse locatlons of the pressure orifices.
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1.2
2y/b f\[ .
1.0 o 005
o 0.10 /r( M
& 0.20 < F
A 0.40 W
8 4 0.60
a4 0.80 /
/_ : :
6 v
g ’é//' s Vﬂ
£ :
) / / g
Q '
e
2 ' i
¢ o) a "8 12 16 20

o, deg

Figure 4.— Verlatlon of sectlon 1ift coefficient with angle of attack for

glx spanwise stations: Baslc wing.

¥ = 0°.
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o, deg
L1

29
48
66
103
12.1
40
60
180
19.9

1.2

DO DDANDPDODOO

Nf
:
I A

6 8 1.0

Figure 5.— Spenwise veriatlion of section 1lift coefficient for several
angles of attack. Baslc wing. v = 0°.
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Figure 6.— Span loed distribution for several angles of attack. Basic

wing.

¥ = 0°.
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% s
Direction Intermitient Unsteady Intermitient Stall
of flow flow stall

FPigure 7.— Stalling characteristics of the basic wing. ¥ = 0°.
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4 4 .
//%// © Force
/]
% & Pressure
2 <2

0] 8 12 16 20 24
o o -oq  *.deg
Cwm

Figure 8.— Comparison of the wing lift curves as obtalned from force and
pressure meagurements. Baslc wing. ¥ = 0°.
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Figure 20.— Varilatlon of sectlon 1lift coefficlent with angle of attack
for slx spanwise statlons. Semispan plain flap deflected 40°.
w = 0 - ) )
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Figure 21 .~ Spanwise varia.tion of sectlion 1lift coeffic%ent for several
angles +of attack. Semispan plain flap deflected 4O°. ¥ = 0°,
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Figure 22.— Span load distribution for several angles of attack. Semispan

plain flap deflected 40°.
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Figure 26.— Spanwise variation of section lift coefficient for several

angleg of attack. Full-gpan drooped—nose flap deflected L4O°.
¥ = 0°.




RACA RM L9G1S

0 L
o 2 4 6 8
2y/b

1.6
N
L2 R a— —
cC S N
Cpcav 8
o,deg
n 10.7 \
4 o 144 \
o 182
0
— — — Calculated, ref. IO
16
N \\\
1.0

Figure 27.— Span load distribution for several angles of attack. Full-
gpan dro-oped.—nc_ase flap deflected 40°, ¥ = 0°.



NACA RM L9G15 65

(o]
O 4 8 [2 I8 20 24 28
o, deg

o, deqg G
144 50

_

Direction Intermiftent Unsteady Intermittent  Stall
of flow flow stall

Figure 28.— Stalling characteristics of the wing with full-span drooped—
nose flaps deflected #0°. ¥ = 0°.
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Figure 31.— Varlatlon of section 1lift coefflcient with angle of attack
for six spanwise statlions. Full-span drooped—nose flap and semispan
plain flap deflected 40°, ¥ = 0°,
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Figure 32.— Spanwise variation of section 1ift coefficlent for several
angles of attack. Fullrepan drooped~nose flap and samispan plain
flap deflected 40°. ¥ = 0°
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NACA-Langley - 9-8-49 - 325






T s




